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© D/A conversion circuit. 

@ The invention provides a D/A conversion circuit 
in v/hich the polarities of a series of input digital data 
are reversed {1a) with every other data block, and 
the original digital data and the reversed digital data 
are alternately D/A converted (2). An output analog 
signal (f) is obtained by subtraction (6) between the 
two D/A converted analog signals (d, e). 

With the above-mentioned arrangement, the D/A 
conversion circuit has a dynamic range equivalent to 
that using two D/A converters even with a single D/A 
converter. 
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D/A CONVERSION CIRCUIT 



The present invention relates to the innprove- 
ment of a D/A conversion circuit. 

An example of a conventional D/A conversion 
circuit is explained in the following, while referring 
to Fig. 1. 

Referring now to Fig. 1 . a series of digital data 
group which bear level signal information such as 
audio signal data of a 16 bit L or R channel 
decoded at an audio signal processor of a CD 
player etc. are supplied to a data controller 1 . 

The data controller 1 supplies the supplied 
digital data to a D.A converter 2 as non-reversed 
data and also it obtains reversed data v/hich are 
obtained by reversing only the polarity of each 
block of supplied digital data and supplies the 
reversed data to a D-A converter 3 in synchroniza- 
tion with the supply of corresponding non-reversed 
data to the D/A converter 2. 

The D/A converter 2 generates an output volt- 
age "a" with a level corresponding to the polarity 
and the value of the non-reversed data, and sup- 
plies it to a sample-hold circuit 4. The D/A con- 
verter 3 generates an output voltage "b" with a 
level corresponding to the polarity and the value of 
the reversed data, and supplies it to a sample-hold 
circuit 5. 

The sample-hold circuits 4 and 5 receive and 
hold the output voltages of the D A converters 
corresponding to the timing clock pulses "C" cor- 
responding to the data supplied from the data 
controller 1. The holding output "d" of the sample- 
hold circuit 4 is supplied to the positive-phase input 
terminal of a differential amplifier 6. and the holding 
output **e" of the sample-hold circuit 5 is supplied 
to the negative phase input terminal of the differen- 
tial amplifier 6. 

The differential amplifier 6 generates a voltage 
"f" conresponding to the level difference between 
the two voltages held by the sample-hold circuits 4 
and 5. 

Next, the operation of a device is described 
referring to Fig. 2 in the following. 

When a series of digital data group are sup- 
plied to the data controller 1 , the data controller 1 
obtains two kinds of data having the same absolute 
values and opposite polarities concerning the digi- 
tal data and supplies them to D'A converters 2 and 
3. Therefore, the outputs "a" and "b" of the D/A 
converters 2 and 3 vary complementarily as shown 
in Fig. 2 A and Fig. 2B. 

Two outputs "a" and "b" of these D/A convert- 
ers are held as shown in Fig. 2D and Fig. 2E by 
sample-hold circuits 4 and 5 which remove glitch 
noise operating in synchronization with the timing 
clock pulses "c". The differential amplifier 6 gen- 



erates an output "f" which is proportional to the 
level difference between the hciding outputs "d" 
and "e" of sample-hold circuits 4 and 5. 

In the arrangement as mentioned in the above, 

5 there is a merit that the D/A conversion output "f" 
has a double dynamic range as shewn in Fig. 2F in 
comparison with the D/A conversion output char- 
acteristics when a single D A converter is used as 
shown in Fig. 2A. 

10 Tv/o units of expensive D A converters are 

used in the above constitution. Four units of D.A 
converters are needed in total in the case a digital 
audio device which generally have 2-channel signal 
processors, which cannot be neglected from the 

15 point of view of manufacturing cost. It is also a 
demerit that when the characteristics of these two 
D/A converters to be used in a pair are not iden- 
tical, distortion occurs in the conversion output. 
An object of the present invention is to provide 

20 a D/A conversion circuit in which a double dynamic 
range can be obtained even v/ith a single D/A 
converter. 

To achieve the above-mentioned object, a D;A 
conversion circuit in a first embodiment of the 

25 invention comprises a reversal means for reversing 
the polarities of every other data block in a series 
of input digital data group and for supplying them 
to a D-A converter, sample-hold means for holding 
two conversion output levels corresponding to input 

30 digital data blocks adjacent to each other of the 
above-mentioned D/A converter, and a subtraction 
means for obtaining a level difference between the 
two conversion output levels. 

A D. A conversion circuit in a second embodi- 

35 ment of the invention comprises a positive and 
negativ data creation means for alternately sup- 
plying reversed data obtained by reversing the 
polarities of a series of input digital data group and 
non-reversed data in the input digital data group 

40 with every other data block, an sample-hold means 
for holding two conversion output levels corre- 
sponding to the input digital data blocks adjacent to 
each other of the D/A converter, and a subtraction 
means for obtaining the level difference between 

45 the two conversion output levels. 

Embodiments of the invention will now be de- 
scribed in more detail, by way of example only and 
with reference to the accompanying drawings, in 
which :• 

50 Fig. 1 is a block diagram showing an example 

of a conventional type device. Fig. 2 is an explana- 
tory diagram of the operation of a conventional 
type device. Fig. 3 is a block diagram showing an 
embodiment of the present invention. Fig. 4 is an 
explanatory diagram of the operation of the em- 
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bodiment Fig. 5 is a block diagram showing an- 
other embodiment. Fig. 6 is an explanatory dia- 
gram of another embodiment. 

An embodiment according to the present in- 
vention wiil be explained referring to Fig. 3 in the 
following. Similar symbols are given to the parts of 
a device shown in Fig. 3 which correspond to those 
of the device shown in Fig. 1. 

In Fig. 3, a data controller 1a converts the 
polarities of data blocks with every other block of 
data in the supplied series of digital data group and 
supplies them to a D/A converter 2. The D/A con- 
verter 2 alternately converts non-reversed data 
whose polarities are not reversed and reversed 
data whose polarities are reversed into voltage 
values, and generates output voltage "a" as shown 
in Fig.-4A and supply it to sample-hold circuits 4 
and 5. 

The sample-hold circuit 4 receives and holds 
the output of the D/A converter 2 corresponding to 
the supplying condition of non-reversed data to the 
D/A converter 2 in synchronization with timing 
clock pulses "g" as shown in Fig. 4B supplied from 
the data controller 1a. The sample-hold circuit 5 
receives and holds the output of the D/A converter 
2 corresponding to the supplying condition of re- 
versed data to the D/A converter 2 in synchroniza- 
tion with timing clock pulses "h" as shown in Fig. 
4C supplied from the data controller la. Therefore 
the holding outputs "d" and "e" of the sample-hold 
circuits 4 and 5 corresponding to the output of the 
D/A converter 2 shown in Fig. 4A are respectively 
as shown in Fig. 4D and Fig. 4E- 

The output "f" of a differential amplifier 6 
based on the outputs "d" and "e" of the sample- 
hold circuits has. as shown in Fig. 4F. a dynamic 
range in the output level which is double a single 
D/A converter shown in Fig. 2 A. 

Another embodiment will be explained while 
referring to Fig. 5 in the following. Similar symbols 
are given to the parts of a device shown in Fig. 5 
which correspond to those of the device shown in 
Fig. 3. 

In Fig. 5. a data controller 1b supplies the 
supplied digital data to one input terminal of a 
multiplexer 10 as non-reversed data, and also the 
data controller lb obtains the reversed data by 
reversing only the polarities of the supplied digital 
data and supplies them to the other terminal of the 
multiplexer 10 in synchronization with the supply of 
corresponding non- reversed data to the multi- 
plexer 10. 

The multiplexer 10 relays non-reversed data 
and reversed data alternately to the D/A converter 
2 in synchronization with the supply period of input 
digital data supplied from the data controller lb 
and in response to a switching signal having the 
half period of the supply period. In this way, the 



digital data quantity supplied to the D/A converter 2 
is doubted. 

The D/A converter 2 converts the digital data 
whose polarities are alternately reversed into a 

5 voltage "a" as shown in Fig. 6A and supplies it to 
the sample-hold circuits 4 and 5. 

The sample-hold circuit 4 receives and holds 
the output of the D/A converter 2 in synchronization 
v/ith timing-clock pulses "i" as shown in Fig. 6B 

70 which are generated corresponding to the sup- 
plying condition of non-reversed data from the data 
controller lb to the multiplexer 10. The sample- 
hold circuit 5 receives and holds the output of the 
D/A converter 2 in synchronization with timing- 

75 Clock pulses "j" as shown in Fig. 6C which are 
generated corresponding to the supplying condition 
of reversed data from the data controller lb to the 
multiplexer 10. Therefore the holding outputs D and 
E of sample-hold circuits 4 and 5 corresponding to 

20 the output "a" of the D/A converter 2 as shown in 
Fig. 6A are respectively as shown in Fig. 6D and 
Fig. 6E. 

The output "f" of the differential amplifier 6 
based on the outputs "d" and "e" of these sample- 
25 hold circuits has a double dynamic range as shown 
in Fig. 6F and moreover it shows twice oversam- 
pled characteristics in comparison with the output 
of a single D/A converter as shown in Fig. 2A. 

With the above-mentioned arrangement ac- 
30 cording to the present invention using a single D/A 
converter, the similar or better D/A conversion 
characteristics can be obtained in comparison with 
the case where two D/A converters are used as in 
the case of a conventional device. 
35 It is also possible to make the data controller 

1b shown in Fig. 5 have the function of the mul- 
tiplexer 10 shown in the same drawing. 

As described in the above, in a D/A conversion 
circuit according to the present invention, the 
40 polarities of input digital data blocks are alternately 
reversed and the data are supplied to a single D/A 
converter to obtain two D/A conversion outputs 
corresponding to adjacent conversion input data 
blocks, and the difference between these two con- 
45 version outputs is made to be the output of the D/A 
converter. It is therefore made possible to obtain a 
double dynamic range of the original dynamic 
range of a D/A converter by using a single D/A 
converter and also to provide an economical D/A 
50 converter by reason that there is no need to obtain 
D/A converters of identical characteristics as in the 
case of conventional devices. 



55 Claims 

1 . A D/A conversion circuit comprising a polar- 
ity reversal means fgr reversing the polarities of 
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data in a series of input digital data group with 
every other data block and for supplying these data 
to a DJA converter, sannple-hold means for holding 
two conversion output levels corresponding to adja- 
cent input digital data blocks of said D.-A converter. 5 
and a subtraction means for obtaining a level dif- 
ference between said two conversion output levels. 

2, A D/A conversion circuit comprising a posi- 
tive and negative data creation means for obtaining 
reversed data obtained by reversing the polarities io 
of data in a series of input digital data group and 
for alternately supplying the data in said input 
digital data group and the reversed data corre- 
sponding to these digital data, sample-hold means 
for holding two conversion output levels corre- 75 
spending to adjacent input digital data blocks in 
said D'A converter, and a subtraction means for 
obtaining a level difference between the two con- 
version output levels. 
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(§) The invention provides a D/A conversion circuit 
in which the polarities of a series of input digital data 
are reversed (1a) with every other data block, and 
the original digital data and the reversed digital data 
are alternately D/A converted (2). An output analog 
signal (f) is obtained by subtraction (6) between the 
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two D/A converted analog signals (d, e). 

With the above-mentioned arrangement, the D/A 
conversion circuit has a dynamic range equivalent to 
that using two D/A converters even with a single D/A 
converter. 
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